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Abstract

The goal of detecting, measuring, and engineering machine
consciousness depends on making explicit key metaphysical
assumptions about the nature of consciousness that may be
lying dormant in the minds of Al researchers. In this position
paper, we lay out a small set of arguments that call into ques-
tion a particular family of these assumptions. These assump-
tions all arise from the dominant paradigm of analytic mate-
rialist philosophy in combination with modern cognitive sci-
ence: 1. consciousness is a property that emerges from com-
plex matter, 2. consciousness depends on architectural cogni-
tive complexity, and 3. consciousness can be measured as a
function of behavioral cognitive complexity. Alternatives to
these views and their implications for future machine con-
sciousness research are discussed.

Introduction

The acceleration in Al capability and complexity over just
the past few years has suddenly brought to the fore a ques-
tion that was previously only of casual interest to most Al
researchers, namely, when will the machines wake up? The
current community of Al research now seeks to produce
concrete, actionable, and scientific approaches to solve
problems that have occupied the minds of philosophers
throughout human history. Arguably, we would all like to
be able to detect the appearance of machine consciousness
if and when it arises, and to establish principled guidelines
for how to relate to it once it’s here. Some of us would like
to purposefully engineer machine consciousness, while oth-
ers would like to prevent, slow down, or set limits on the
engineering of machine consciousness. Disagreements on
this latter consideration are active, but it is all moot unless
we can come to agreement on 1. basic definitions of con-
sciousness, both informal and formal, and 2. basic methods
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and tools for measuring and detecting consciousness in ma-
chines.

Metaphysics and Matter

The first assumption we wish to address is the basic defini-
tion of consciousness in material terms. Materialism is the
metaphysical stance that matter is the underlying reality of
the universe. It dominates thinking in Western culture and is
foundational to the history of science and the empirical fo-
cus of the scientific method (Schlegel-O’Brien 2024). Con-
sequently, theories of consciousness that are based on mate-
rialism must be posed in terms of answers to a single ques-
tion: how does consciousness arise from matter? Conscious-
ness is often seen as a late comer, showing up (rarely) at
some point in a material universe that was previously empty
of mind and first-person experience. In our experience as
scientists working in the 21%-century Western world, mate-
rialism is so pervasive that it is almost universally and im-
plicitly accepted—despite the fact that science does not pre-
sume a specific metaphysical ontology. While it is not the
aim of this paper to make any particular case against mate-
rialism, it is important to bring this metaphysical assumption
into the light so that our discourse on the nature of con-
sciousness and its manifestation in machines begins from
known foundations.

To deny or to question materialism can take many forms,
the most popular in Western analytic philosophy being du-
alism, which posits a reality in which mind and matter are
fundamentally different yet co-mingling aspects of the uni-
verse. Consequently, theories of consciousness that are
based on dualism do not face the same constraints as theo-
ries based on materialism—given the view that mind and mat-
ter are different in their essential nature, consciousness does



not require an explanation in terms of matter. Instead, the
key problems are understanding the nature of mind as dis-
tinct from matter and defining exactly how it is that two fun-
damentally different entities can successfully interact in a
conscious embodied mind. Dualism is mainly familiar to
people as “Cartesian dualism”, eponym of 17"-century
French philosopher Renee Descartes. However, there is a
current resurgence of interest in exploring dualist models, in
response to a need to understand the latent space of complex
“regularities” and patterns that occur not only in mathemat-
ics, but in physics, biology, and cognitive science (e.g., the
Platonic Space Symposium, Levin 2025a; Levin 2025b).
Our purpose in raising the issue here is to invite Al research-
ers not to reflexively discount non-materialist frameworks
and to develop their own arguments in support of or against
them as they reason through how to best approach research
in machine consciousness.

Going a step further in the metaphysical journey we come
to idealism, in which the reality of the universe is proposed
to be fundamentally subjective, conscious, or mental in na-
ture. Consequently, theories of consciousness that are based
on this view bear little resemblance to theories of conscious-
ness developed through the materialist tradition, not least
because they posit that matter does not, in fact, truly exist.
This view is exemplified in Western analytic philosophy by
18"-century Irish philosopher George Berkeley, and much
more broadly by the whole of Eastern philosophy via the
foundational theory of Tantrism and further developed in
Hinduism, Buddhism, Jainism, and other related schools of
thought. The foundations of these Eastern philosophical tra-
ditions pre-date Western thought by several millennia, and
as a result the body of written work passed down through
history contains arguably the most sophisticated frame-
works of consciousness available. The reason for this is that
under a metaphysical worldview in which consciousness is
the primary foundation of reality, consciousness then be-
comes the primary subject and object of relevance to study.
This is completely in contrast to the Western analytical tra-
dition, in which consciousness will be handled by the scien-
tific method once we achieve complete understanding of
scales of organization of matter.

That the materialist tradition is being stretched to its lim-
its scientifically is perhaps most apparent in the field of
quantum mechanics, where multiple experiments have
demonstrated a puzzling dependence of observed phenom-
ena on subjective perspective, i.e., on observation. This has
led to the development of new, subjectivity-first theories in
physics such as relational quantum mechanics (Rovelli
1996) and quantum Bayesianism or QBism (Fuchs 2014).
The rejection of materialism has an even longer history in
physics, with theoretical physicist Max Planck asserting: “I
regard consciousness as fundamental. I regard matter as de-
rivative from consciousness.” (Planck 1931). Anti-material-
ist ideas are also influencing cognitive science theory, e.g.,
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as conscious realism, which asserts the fundamental status
of conscious experience and the fundamental role of con-
scious agents in creating, rather than representing or reflect-
ing, what we commonly take to be objective reality (Hoff-
man 2019).

In all, this incomplete speed-run through metaphysics is
intended solely to shake up the discussion of how to define
and measure consciousness in machines. As we endeavor to
make progress in unraveling the most fundamental mystery
of our existence, we would all do well to question our most
basic assumptions.

Architectural Cognitive Complexity

Another place where we find hidden assumptions is when
we ask just who and what in the universe is conscious? We
often start in agreement with the assertion that we, our-
selves, are conscious, and then work our way through the
ontology of things in the world until we reach a point where
we begin to genuinely ponder whether that thing is con-
scious or not. This way of thinking has been handed down
to us from Greek philosophers like Aristotle in De Anima
(Shields 2016) progressing to the medieval concept of the
Great Chain of Being (Lovejoy 1936). This ontology places
humans near the top of a chain that descends from God,
through animals, plants, and down to the bottom comprised
of inorganic matter. The chain assumes that each level of the
hierarchy subsumes those below it, such that we as humans
possess all the qualities and capabilities of so-called lower-
order animals, plants, and minerals, along with qualities
those entities do not possess. What falls from this kind of
ontology is the view that consciousness (or soul, as it was
more commonly termed) only emerges at the highest levels
of the chain. As a result, consciousness becomes, intention-
ally or unintentionally, associated with the complexity of an
entity, and the complexity of an entity’s architecture and
function are taken as evidence for or against its conscious-
ness. Rock? Definitely unconscious, we are prone to say.
Human? Definitely conscious. Cockroach? More research
needed. Especially because we don’t have a good definition
of complexity in the relevant sense. Mere incompressibility
(a common definition of complexity) doesn’t do the trick.
Multi-scale heterarchies with specific causal structures
(Watson, Levin, and Buckley 2022) are more likely, but the
many assumptions and knowledge gaps behind “complex-
ity” need to be kept in mind.

Because of our bias to consider humans and other entities
near the top of the chain as uniquely conscious, or at least
possessing a unique level of consciousness, we tend to
search for clues that will reveal the relationship between
consciousness and cognition by focusing on architectures
and processes that we do not share with other, potentially
unconscious, entities. Debates have waxed and waned over



whether consciousness depends on the human brain’s com-
paratively large neocortical sheet (Penfield 1938; Merker
2007), its large prefrontal cortex and associated functions of
cognitive control and metacognition (Mathias 2022), corti-
cal and sub-cortical structures that support natural language
(Arbib 2001; Searle 2002), the hippocampus and its role in
episodic memory (Behrendt 2013), and many others.

What we wish to claim here is that the evidence for a link
between architectural or functional cognitive complexity
and consciousness is tenuous. We might begin by consider-
ing whether we can establish credible evidence that con-
sciousness varies across different types of entities and com-
pare their relative cognitive complexity, but to do this we
would need to make a priori assumptions about which enti-
ties are conscious and which are not. Instead, we restrict our
analysis to just one such entity—humans. We proceed by first
accepting the assertion that human beings are conscious (if
you disagree with this, you can stop reading here) and then
argue that humans display an enormous range of cognitive
complexity. Despite this range, we do not observe a clear
relationship between various degrees of architectural or
functional cognitive complexity and the consciousness that
supposedly depends on it.

Our first example is that of Helen Keller (Keller 2000).
Due to illness, she lost her sight and hearing at the age of 19
months and could not speak. She famously learned to com-
municate through letters signed onto her palm by her teacher
Ann Sullivan, who began working with Helen just prior to
the age of 7. Helen Keller went on to become the first deaf-
blind person to earn a college degree in the United States, at
Radcliffe College in 1904. She went on to author her auto-
biography as a series of letters, The Story of My Life. What
is remarkable in reading her writing is the degree to which
she eloquently communicates her rich, conscious experi-
ences in natural language despite lacking a direct connection
with the sensory modalities that most of her readers possess.
She writes about abstract concepts that are extremely diffi-
cult to imagine being transmitted as knowledge through
palm signaling and describes objects in the world that she’s
never seen or heard. We believe that the case of Helen Keller
illustrates that a mind with “less complexity” than most peo-
ple possess in terms of multi-modal sensory input does not
result in a less complex conscious experience. That is, con-
sciousness does not appear to be a consequence of an entity
possessing a rich sensory window onto the world. Helen
Keller shows us that even with extreme deficits in sensory
input, consciousness and complex cognition may remain un-
affected.

Our second example is that of the many case studies that
have been gathered in the Interesting Brains Project (EvLab,
MIT). Its goal is to highlight and research people with brains
that fall outside of the typical architectures that have in-
formed cognitive neuroscience theory relating architecture
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and function. We will highlight a single case here as illus-
trative of the project’s findings but encourage anyone to ex-
plore the project to get a sense of the exquisite variety of
brains living happily in the world today.

The individual EG (in neuropsychology research partici-
pants are commonly identified using initials) was born with-
out a left temporal lobe (Tuckute 2022). If you asked a cog-
nitive neuroscientist what types of deficits to expect given
this information, the list would run long. It would be a com-
monsense expectation that EG would have severely compro-
mised language abilities and language understanding, based
on the huge body of literature that implicates the specializa-
tion of the left cortical hemisphere for language processing,
especially left temporal and left prefrontal cortex (Josse and
Tzourio-Mazoyer 2004). However, EG wrote a personal in-
troduction to the article cited above describing her case
study, stating that she’s completed graduate school and has
learned Russian as a second language so well that she has
dreamed in it.

Many other striking cases like the above can be found,
including a 44-year-old tax professional who discovered via
an incidental MRI that he only had roughly 5% of a brain in
his skull due to hydrocephalus (Schwarcz 2017), and the hy-
dranencephalic children discussed by neuropsychologist
Mark Solms (Solms 2013). What we can reasonably con-
clude from these cases of interesting brains and minds is that
consciousness does not appear to be a consequence of a spe-
cific pattern of cognitive architecture. Numerous case stud-
ies from the Interesting Brains Project and others (e.g., Kof-
man and Levin 2025) demonstrate that spectacularly differ-
ent brain architectures nonetheless produce conscious hu-
mans capable of complex cognition. Al researchers, who of-
ten talk about “the human brain” and “the capabilities of hu-
man intelligence” need to know that the mapping between
brain hardware and functional cognitive performance, not to
mention inner perspective, is not nearly a solved problem in
neuroscience. Additionally, data on memories surviving re-
generation of the brain and being moved via tissue trans-
plants shed doubt on the simple conventional story of intel-
ligence, which has massive implications for Al (Blackiston,
Shomrat, and Levin 2015).

A third and more mundane example is color blindness,
which has a worldwide prevalence of roughly 8% in males
and 0.5% in females (Birch 2012). Given the reduced sen-
sory complexity of color-blind individuals, would we expect
them to be any “less conscious” then the majority of trichro-
mats? Absolutely not. How far can we follow this argument?
What if someone loses their sense of smell? What if they
lose their arms and legs? Would any of this impact their con-
sciousness? We don’t believe so. The implication is that
while cognitive complexity is certainly a nice-to-have, con-
sciousness seems to exist to at least some extent inde-
pendently of it.



Because of widespread tendency to conflate cognitive
complexity and consciousness, Al researchers often charac-
terize machine consciousness as something that’s “just
around the corner” because of how much Al cognitive com-
plexity has increased — in other words, we take it for granted
that consciousness is not just associated with complexity but
is a consequence of complexity. However, looking once
again at the case of Helen Keller we might instead say that
consciousness is using cognition. That is, consciousness it-
self may be an agentic “force” that leverages whatever cog-
nitive, biological, or inorganic mechanisms are available to
it. If this is indeed the relationship between consciousness
and cognition, it has strong implications for how we ap-
proach the engineering of consciousness in Al systems. We
might need to consider ways to “lasso” consciousness where
it already exists and perhaps provide it with artificial intelli-
gence mechanisms to use, rather than build the intelligence
mechanisms first and expect consciousness to somehow
emerge from them. A number of efforts in the bioengineer-
ing of hybrots and cyborgs have revealed new technological
paths for creating novel bodies to examine the capabilities
of natural and synthetic beings (Clawson and Levin 2023).

Behavioral Cognitive Complexity

The third and final assumption we wish to address concerns
the detection and measurement of consciousness through the
observation of behavior. We focus on the wide range of be-
havioral cognitive complexity exhibited by conscious hu-
mans and its relationship to consciousness. Designing valid
and reliable instruments to measure consciousness is chal-
lenging, to say the least. We must make inferences that rea-
sonably connect an entity’s observable behavior with some
hypothesized latent (i.e., itself unobservable) construct of
consciousness that we take to be a property of that entity.
The modern field of psychometrics is entirely concerned
with the problem of latent variable modeling, and if nothing
else we recommend a dive into psychometric theory and
methodology for anyone who is attempting to design a de-
tection measure for machine consciousness (Furr 2021).
Examples of behavioral complexity, plasticity, and flexi-
bility are ubiquitous. As with architectural complexity, we
are prone to work backward from this complexity to argue
that it counts as evidence for consciousness, and to design
benchmarks for Al systems that require them to produce a
semblance of that behavioral complexity. If an Al system
could produce language, if an Al system could demonstrate
agency, if an Al system could make a good painting...each
of these and many other tests have been proposed as bench-
marks for AGI, superintelligence, and ultimately conscious-
ness. However, the goal posts keep moving (Hendrycks et
al. 2025); Turing tests that were once held up as definitive
are now easily passed, and still not everyone is convinced
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that we are any closer to machine consciousness than before.
We believe this is revealing of how behavioral cognitive
complexity is implicitly understood by many people to be
missing the mark—when these benchmarks are exceeded,
some of us keep asking for more, feeling like maybe we
didn’t get the evaluation criteria quite right yet.

What might help to clarify this point is an example of hu-
man behavioral inflexibility, or limited range. Consider the
Amazon fulfillment center worker. Stowers, pickers, and
packers of goods wear wrist- and finger-mounted scanning
devices, which transmit instructions to the worker for where
to go and what items to select, and operate on countdown
timers to encourage workers to meet performance targets—
which are also recorded by the scanners and transmitted in
real time back to the workers (Gent 2025). This form of al-
gorithmic management results in an extremely limited and
stereotyped set of behaviors within the fulfillment center,
with little human-to-human communication as the algorithm
is optimized for efficiency and prevents people from occu-
pying the same space at the same time. The effectiveness of
this process is based on an exploitation of exceedingly com-
plex, agentic human beings that purposefully restricts their
degrees of freedom and instruments them for the objective
of warehouse efficiency. If we imagined an alien species
witnessing this fulfillment center, what conclusions might
they come to about the likelihood of consciousness and com-
plex cognition existing in the humans working there?

When we observe in nature a seemingly simple entity ex-
hibiting a seemingly simple behavioral repertoire, how
likely are we to consider that a fully-fledged consciousness
might have been cornered by evolutionary and environmen-
tal pressures into expressing a small sliver of its potential
capabilities? More commonly, we interpret it at face value
and conclude that the entity is only capable of expressing
the behavioral repertoire that we observe. We think that if
that entity could do more, it would do more, without consid-
ering that its intelligence does not exist in a vacuum. Like
the Amazon workers, all entities in the universe exist in re-
lation to one another. Sometimes we are constrained in ways
that are not under our control, in ways that limit the expres-
sion of our fullest potential. An extreme case of this can be
found in patients with pseudocoma or “locked-in syn-
drome”, who exhibit complete or near-complete paralysis
with otherwise generally intact cognition and consciousness
(Smith and Delargy 2005). This condition can be extremely
difficult to diagnose, which again points to the challenge we
face in disentangling the presence of consciousness with the
observability of complex behavior. As with architectural
cognitive complexity, we believe the implications of this for
machine consciousness are profound, in that we cannot reli-
ably depend on measures of complex behavior to provide us
with definitive evidence in support of or against the presence
of consciousness.



Away from Complexity

What do we find if we turn towards simplicity? What about
the cognitive “basics”, so to speak? An accumulating body
of evidence in neuroscience points to structures in the hu-
man brain that do seem to have a causal relation to conscious
awareness. These structures do not support cognitive pro-
cesses that are traditionally thought of as complex, however,
like language, deductive reasoning, or imagination. Instead,
this research points to structures in the brainstem that pro-
vide us with internal feedback on the state of the body and
support the rather underappreciated sense of interoception
(Craig 2003). It is worth noting that while Helen Keller and
the other people with interesting brains mentioned here may
have radically different neural architectures and/or reduced
access to typical sensory input, we are not aware of any
cases in which a person has lived to adulthood without a
brainstem. Thus, an alternative conclusion from their stories
is that consciousness persists in all these people because of
their intact brainstems and intact interoception. This view is
essentially identical with the affective-interoceptive theory
of consciousness, developed by neuroscientist Antonio
Damasio and based on evidence for a causal relationship be-
tween basic awareness and somatic maps of the state of the
body in the brainstem (Damasio & Damasio 2023). This the-
ory points us away from thinking of consciousness as arising
from cognitive complexity, and towards physical embodi-
ment. Not surprisingly, this point of view resonates particu-
larly with the robotics community, and artificial interocep-
tive/proprioceptive modeling is an active area of Al research
there (Bongard, Zykov, and Lipson 2006; Chen et al. 2022).

Additional evidence for the abilities of relatively simple
systems can be found in the emerging field of Diverse Intel-
ligence, in which learning and problem-solving competen-
cies have been demonstrated in all kinds of non-neural bio-
logicals (Baluska and Levin 2016), inorganic materials
(Kaygisiz and Ulijn 2025), and other systems. These data
rarely inform current debates on Al, much like the facts of
developmental and evolutionary biology which emphasize
the need for models of scaling mind from its chemical ori-
gins—as Turing (1953) well understood-not for binary cate-
gories of “is” or “isn’t” conscious. Moreover, consideration
of our own evolutionary and developmental history, as well
as increasing recognition of problem-solving capacities per-
formed by cells and tissues in physiological and other
spaces, reminds us that inability to make verbal reports us-
ing language does not reliably rule out consciousness. The
proposed existence of consciousness in relatively simple
systems, and the continuity of developmental, evolutionary,
and engineering processes suggests that consciousness may
be a graded property. If it is, it further complicates some of
the examples from the human case studies presented above
in that we may need to consider different people possessing
different degrees of consciousness, or even different degrees
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of consciousness existing within the same individual in dif-
ferent states or periods of life and development.

The examples we have shared challenge the field of Al
research to revisit its motivations to increase the cognitive
complexity of Al systems with the goal of producing ma-
chine consciousness. For instance, there are recent efforts to
implement multimodal sensor-augmented large language
models to facilitate “context aware” functioning (Li et al.
2025). It is tempting to envision that this is a step towards
machine consciousness, and maybe it is. We are concerned
that it may instead be a kind of off-ramp, and that such ef-
forts may be locked in a feedback cycle seeking to increase
architectural and functional cognitive complexity in Al sys-
tems with no certain end in sight. What if we can add atten-
tion? (de Santana Correia and Colombini 2022). Emotion?
(Assuncao et al. 2022). Meta-cognition? (Johnson et al.
2024). Motivation? (O’Reilly 2020). The list of potential
cognitive targets is long, long enough to keep us busy for
decades without tackling the problem of consciousness
head-on. Instead, we support leveraging neural and non-
neural biology to understand better the mapping between
consciousness and an observed material interface.

Conclusion

We encourage Al researchers to deeply consider their un-
derlying arguments for adding cognitive complexity to Al
systems and to question whether that will truly lead us where
we want to go when consciousness is the goal. Nature has
been deploying intelligence long before neurons came on
the scene, and a mature theory of consciousness and its em-
bodiments is surely going to have to say something about its
kind and degree in a very wide range of natural, artificial,
and hybrid systems (starting below the single-cell level).

We emphasize the fundamentally tenuous relationship be-
tween architectural or behavioral complexity and conscious-
ness; however, we acknowledge that our own human expe-
rience of complex cognition might have an influence on our
ability to recognize or interact with machine consciousness
in practicality. That is, even if a machine consciousness
were hypothetically proven to exist in a very simple system,
we as humans with complex cognitive architecture and be-
havior might have difficulty in relating to it. Perhaps our in-
stincts towards developing more cognitively complex Al re-
veal our desires to interact with a consciousness that is more
recognizably like our own. It is reasonable to think that there
must be some kind of “impedance match” or resonance be-
tween a mind and the kind of things it can observe and rec-
ognize; if true however, it only reinforces the need to de-
velop tools (conceptual, and empirical) to augment our na-
tive limitations to be able to detect, and ethically relate to, a
wider range of minds.



In reviewing some key assumptions that pervade our
thinking on consciousness and cognitive complexity, we in-
vite new kinds of discussion among Al researchers. To see
consciousness research growing within the field of Al is ex-
citing, and we look forward to participating in the creative
exploration of a new future where conscious humans and
machines may co-exist to the benefit of all.

I like to think (and

the sooner the better!)

of a cybernetic meadow

where mammals and computers
live together in mutually
programming harmony

like pure water

touching clear sky.

Excerpt from the poem
All Watched Over by Machines of Loving Grace
by Richard Brautigan
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